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ABSTRACT: For length-weight relationship (LWR) and condition factor (K) analysis, 
the fish Sardinella melanura (Sardine) were caught through gill net from the coast of 
Gwadar Balochistan during the months of August, 2003 to August, 2006. The study 
reveals that the coefficient of determination r2 was ≥ 0.911. The regression slop b values 
falls within the range of 2.5 - 3.5 and mean value of b was 2.79. The length of 20.6±1.41 
cm was recorded in post south west monsoon which was the highest and the lowest of 
13.2±0.63 cm was in pre south west monsoon. The weight of 72.7±26.40gms was 
recorded in post south west monsoon which was highest and the lowest of 20.4±4.5 was 
recorded in pre south west monsoon. The condition factor (K) of 0.90±0.21 was recorded 
in south west monsoon which was highest and the lowest of 0.80±0.11 was recorded in 
north east monsoon. The relationships between condition factor and log weight, and 
condition factor and total length were highly significant. 
 
KEYWORDS: Length-weight relationship, condition factor, Sardinella melanura, 
Balochistan coast. 
 
INTRODUCTION 
 
Length–weight relationship is widely used in both fisheries biology and fisheries 
management (Froese and Pauly, 2006). It is important to estimate the average weight at a 
given length group (Beyer, 1987). The relative well being of a fish population (Bolger 
and Connoly, 1989) can be assessed by the length–weight relationship. Length (L) – 
Weight (W) relationship parameters (a,b) are important in stock assessment studies 
(Moutopoulos and Stergiou, 2002). The L-W relationship is usually fitted to the potential 
equation (W=aL b). Condition factor compares the well being of a fish and is based on the 
hypothesis that heavier fish of a given length shows better condition (Tesch, 1968). 
Therefore, condition factor has been used as an index of growth and feeding intensity 
(Fagade, 1979). It decreases with the increase in length (Bakare, 1970) and influences the 
reproductive cycle in fish (Welcome, 1979). 
Clupeidae family comprises of herrings, shads, sardines, hilsa and menhadens, 
including the most important food fishes in the world, belonging to 5 subfamilies, 64 
genera and 745 species and constitutes a very rich aquatic bio-diversity along the coast of 
Pakistan (Froese and Pauly , 2006). The Sardines occur widely throughout the Indian 
subcontinent including Bangladesh, India and Pakistan (Froese and Pauly, 2008). The 
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present study was initiated to calculate the length–weight relationships and the condition 
factor of Sardinella melanura collected from different seasons at the Balochistan coast. 
 
MATERIALS & METHODS 
 
The data were collected on a seasonal basis during 2003-2006 from the Gwadar, 
Balochistan Coast. Gill net of 19m length, 3m width and 33mm mesh size was used to 
collect specimens. The identification was made with the help of Fish base (www. 
fishbase.com). 600 samples were collected during the study period. An Ichthyometer was 
used to measure total length, with the nearest cm from the tip of snout to tip of the caudal 
fin and individual weighting was performed by a top loading digital balance to an 
accuracy of 0.1 g. The estimation of L-W relationship was made by the adjustment of an 
exponential curve (Eq.1) to the data (Ricker, 1973 ,1975; Quinn et al,1999):  
 
W= aLb  
Where, 
W= Weight of fish in (g) 
L= Total Length (TL) of fish in (cm) 
a= Constant (intercept) 
b= The Length exponent (slope) 
 
The equation can also be expressed in its logarithmic form (Eq. 2):  
Log W =log (a) +b (log TL)  
and the condition factor was calculated by the following formula:  
K =100W/L3  
Where 
K = condition factor  
W = body weight  
L= total length of the fish 
 
The values of constant parameters a and b of L-W relationship were estimated by 
using linear regression analysis and the association-degree between variable (L-W) was 
calculated by the determination coefficient (r2). The Student’s t–test was used to confirm 
whether b values obtained in the linear regressions were significantly different from 
isometric value (b=3). The ANCOVA was also performed. 
 
RESULTS & DISCUSSION 
 
600 specimen of Sardinella melanura were analysed for determination of data on 
length, weight and condition factor through different seasons (pre south-west monsoon, 
post south-west monsoon, north-east monsoon, south-west monsoon) from August, 2003 
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to August, 2006 from the Gwadar, Balochistan coast. The data of mean length and 
weight, condition factor were shown in Tables 1, 2, 3, 4 respectively. 
The length-weight relationships calculated by using lengths and weights of the 
samples were found to be W= -2.010L 2.917(r= 0.951) for pre south-west monsoon, W= -
2.026L 2.939 (r= 0.942) for post south-west monsoon, W= -1.740L 2.703 (r= 0.957) for 
North-east monsoon, and W= -1.376L 2.390 (r= 0.963) for south-west monsoon season 
(Table 5). 
Allen (1938) pointed out that the exponent coefficient (b) in the length-weight 
relationship of fishes is usually 3. Later, Carlander (1969) pointed out that the ‘b’ value is 
very close to 3.0 but varies between 2.5 and 3.5. If the ‘b’ value for a fish is 3, the fish 
grows isometrically; if it is greater than 3, the fish exhibits positive allometry and if it is 
lower than 3, the fish exhibits negative allometry (Tesch, 1968). The slopes of length 
weight regressions for fish may show differences to fish age, feeding, sampling season, 
species, sex, maturity and other environmental conditions that may affect “b” values. 
The maximum sampling of fish (200) was done in south-west monsoon season and 
the minimum sampling of fish (80) was done in north-east monsoon season. The highest 
mean length (18.6 ± 2.98) was recorded in post south-west monsoon season (Table 2). 
The lowest mean length (16.29 ± 2.94) was recorded in north-east monsoon season 
(Table 3). The highest mean weights (56.3 ± 29.40) was recorded in post south-west 
monsoon season (Table 2) and the lowest mean weight (37.9 ± 24.4) was recorded in 
north-east monsoon season (Table 3). 
The highest mean condition factors (0.90 ± 0.21) were recorded in south-west 
monsoon season (Table 4) and the lowest mean condition factors (0.80 ± 0.11) were 
recorded in north-east monsoon season (Table 3). 
 
Table 1. Seasonal variations of Sardinella melanura, mean length (TL), mean weight 
(W), mean condition (K) values and standard deviation during pre south 
west monsoon calm period (Spring). 
 
Total Length 
Group 
Pre south west monsoon calm period (Spring) 
n TL (cm) W (g) K 
12.5-14.5 30 13.26 ± 0.63 20.4 ± 4.5 0.86 ± 0.07 
15-17.5 35 16.7 ± 0.79 36.2 ± 2.59 0.77 ± 0.08 
18-23 115 20.29 ± 1.53 66.55 ± 26.49 0.82 ± 0.139 
Total: 180 18.4 ± 2.98 52.9 ± 28.3 0.82 ± 0.12 
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Table 2: Seasonal variations of Sardinella melanura, mean length (TL), mean weight 
(W), mean condition (K) values and standard deviation during post south 
west monsoon calm period (Autumn). 
 
Total Length 
Group 
Post south west monsoon calm period (Autumn) 
n TL (cm) W (g) K 
12.5-14.5 20 13.3 ± 0.61 21.3 ± 4.15 0.89 ± 0.04 
15-17.5 35 16.8 ± 0.80 36.4 ± 2.70 0.77 ± 0.08 
18-23 85 20.6 ± 1.41 72.7 ± 26.40 0.80 ± 0.13 
Total: 140 18.6 ± 2.98 56.3 ± 29.40 0.80 ± 0.120 
 
Table 3: Seasonal variations of Sardinella melanura, mean length (TL), mean weight 
(W), mean condition (K) values and standard deviation during North east 
monsoon calm period (Winter). 
 
Total Length 
Group 
North east monsoon calm period (Winter) 
n TL (cm) W (g) K 
12.5-14.5 30 13.2 ± 0.67 20.8 ± 4.5 0.88 ± 0.04 
15-17.5 30 16.7 ± 0.78 35.7 ± 2.0 0.76 ± 0.08 
18-23 20 20.1 ± 2.0 66.8 ± 33.2 0.75 ± 0.16 
Total: 80 16.29 ± 2.94 37.9 ± 24.4 0.80 ± 0.11 
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Table 4: Seasonal variations of Sardinella melanura, mean length (TL), mean weight 
(W), mean condition (K) values and standard deviation during South west 
monsoon period (Summer). 
 
Total Length 
Group 
South west monsoon period (Summer) 
n TL (cm) W (g) K 
12.5-14.5 60 13.4 ± 0.64 21.4 ± 4.3 0.74 ± 0.04 
15-17.5 100 17.2 ± 0.60 38.3 ± 2.35 0.81 ± 0.12 
18-23 40 18.5 ± 1.31 45.4 ± 18.3 0.71 ± 0.13 
Total: 200 17.24 ± 2.1 47.7 ± 16.91 0.90 ± 0.21 
 
Table 5: Seasonal variation of Sardinella melanura in the length-weight relationship 
(W = aLb). Correlation coefficients(r) and Significance test of differences 
between means (Student’s t-test, p = 0.05).*p<0.05. 
 
Seasons N W = aLb r a b 
Pre south-west monsoon 
calm period (Spring) 180 W=-2.010 L 
2.917
 0.951 -22.421 41.065 
Post south-west 
monsoon calm period 
(Autumn) 
140 W=-2.026L 2.939 0.942 -17.992 33.069 
North-east monsoon 
calm period (Winter) 80 W=-1.740 L 
2.703
 0.957 -15.594 29.256 
South-west monsoon 
period (Summer) 200 W=-1.376 L 
2.390
 0.963 -23.825 50.134 
Total: 600 W=-1.855 L 2.794 0.955 -42.022 78.455 
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Table 6: Seasonal variations of Sardinella melanura, mean length (TL), mean weight 
(W), mean condition (K) values and standard deviation. 
 
Total Length 
Group 
Total 
n TL (cm) W (g) K 
13-15 40 13.42 ± 0.62 18.6 ± 2.13 0.7 ± 0.044 
15.5-17.5 175 16.7 ± 0.606 60.39 ± 2.15 1.28 ± 0.1007 
18-22 385 19.5 ± 0.99 69.07 ± 10.6 0.93 ± 0.202 
Total: 600 18.3 ± 1.92 65.1 ± 10.43 1.09 ± 0.300 
 
Table 7: Results of ANCOVA of Sardinella melanura for different groups. Tests 
between subject effects dependent variable: Weight 
 
Source Sum of Squares df Mean Square F Sig. 
Corrected 
Model 476622.898 11 43329.354 1861.765 .000 
Intercept 1243406.117 1 1243406.117 53426.354 .000 
Length 476622.898 11 43329.354 1861.765 .000 
Error 13684.685 588 23.273 - - 
Total 1733713.700 600 - - - 
Corrected 
Total: 490307.583 599 - - - 
 
a. R Squared = .972 (Adjusted R Squared = .972) 
           Naeema et al
Fig. 1. Linear relationship between length and weight of 
 
Fig. 2. Condition Factor and total length of 
1
1.2
1.4
1.6
1.8
2
2.2
1
L
o
g
-
W
e
i
g
h
t
Scatter Plot With Linear Regression 
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
10
C
o
n
d
it
io
n
 f
a
ct
o
r 
K
.: Seasonal variation in length–weight relationship         23
 
Sardinella melanura
 
Sardinella melanura 
y = 2.794x -
R² = 0.911
1.1 1.2 1.3 1.4
Log-Length
Line
logw
Linear (logw)
15 20
Total lengthTL
 
 
 
1.854
25
24 Pakistan Journal of Marine Sciences, Vol. 
  
Fig. 3. Log condition factor and Log total length of 
Fig. 4. Log condition factor and Log weight of 
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The use of the length-weight coefficient as the condition factor, also explains that 
differences in condition factor are directly proportional to differences in weight (Heincke, 
1908). K is a good indicator of fish well being in the natural habitat over time since K 
equation is based on body weight and length.  
The estimated coefficient of length-weight relationship (LWR) and other details of 
statistical analysis ANCOVA (Analysis of covariance) are given in (Table 7). Fishery 
biologists also stated that the ‘a’ and ‘b’ values differ not only in different species but 
also in the same species depending on sex, stage of maturity, food habits (Qasim 1973, 
Bal and Rao 1984, Froese 2006). They also showed that there was a strong connection 
between length-weight relationships. 
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